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Distillative preparation of tolylenediamine 

5 



The invention relates to a process for distillatively preparing toluylenediamine from a reac- 
tant stream comprising toluylenediamine. 

1 0 Toluylenediamine is an intermediate in the preparation of toluylene diisocyanate. It is used 
in particular as a monomer in polyurethane production. In addition, toluylenediamine is also 
used as a dye for hair dyeing. 

In the prior art processes for purifying toluylenediamine (TDA) by distillation, the crude 
1 5 TDA obtained in the hydrogenation of dinitrotoluene is initially fed to a rectification col- 
umn. In the rectification column, the low-boiling constituents are removed overhead. Low- 
boiling constituents are, for example, 3,4-TDA, ortho-toluidine and water. ortho-Toluidine 
and water occur merely in traces. The bottoms mixture obtained in the rectification com- 
prises in particular 2,4-TDA, 2,6-TDA and an oligomer mixture which is formed from the 
20 TDA isomers present in the bottoms mixture. To remove the product of value comprising 
2,4-TDA and 2,6-TDA, the bottoms mixture is fed to a thin-film evaporator. In the thin-film 
evaporator, the tolylene isomer mixture is removed. Such a process is described, for exam- 
ple, in SRI report 1 A, 1968, page 55 to 65. 

25 A further known means of removing the TDA isomer mixture from the bottoms mixture is 
the use of a second rectification column. Here, the TDA isomer mixture is drawn off over- 
head. The remaining bottoms which comprise in particular the oligomer mixture formed 
from the TDA isomers and the catalyst from the hydrogenation are fed to a suitable disposal 
operation. 

30 

A disadvantage of the prior art processes for purifying TDA by distillation is that two appa- 
ratus, for example two rectification columns or one rectification column and one thin-film 
evaporator, have to be provided. A large amount of energy is also required to operate the 
apparatus. 
35 

It is an object of the invention to provide an improved, especially more economically viable, 
process for purifying TDA by distillation from a reactant stream which is obtained in the 
hydrogenation of dinitrotoluene and comprises TDA. 
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The achievement of the object consists in a process for purifying TDA by distillation from a 
reactant stream comprising TDA, high boilers and low boilers in a dividing wall column in 
which a dividing wall is disposed in the longitudinal direction of the column to form an up- 
per combined column region (2), a lower combined column region (3), a feed section (4) 
5 having a rectifying section (5) and stripping section (6), and also a withdrawal section (7) 
having a rectifying section (9) and stripping section (8), which comprises the following 
steps: 



A) feeding the reactant stream into the feed section of the dividing wall column; 
10 B) drawing off a low boiler fraction via the top of the column; 

C) drawing off TDA via a side draw in the withdrawal section of the dividing wall 
column; 

D) drawing off a low boiler fraction via the bottom of the column. 



15 The reactant stream fed to the dividing wall column preferably contains from 80 to 98% of 
TDA, from 5 to 15% of low boilers and from 0.5 to 6% of high boilers, more preferably 
from 85 to 96% of TDA, from 5.5 to 8.5% of low boilers and from 0.5 to 3% of high boil- 
ers, and very preferably from 90 to 94% of TDA, from 6 to 6.5% of low boilers and from 1 
to 1.8% of high boilers. 

20 

TDA means an isomer mixture composed of substantially 2,4-TDA and 2,6-TDA. The TDA 
isomer mixture preferably contains from 70 to 90% of 2,4-TDA and from 10 to 30% of 2,6- 
TDA, more preferably from 75 to 85% of 2,4-TDA and from 15 to 25% of 2,6-TDA. Very 
preferably, the TDA isomer mixture contains from 78 to 82% of 2,4-TDA and from 18 to 
25 22% of 2,6-TDA. 



The low boilers are composed substantially of vicinals, water and ortho-toluidine. The low 
boilers preferably contain from 90 to 100% of vicinals, from 0 to 10% of water and from 0 
to 5% of ortho-toluidine, more preferably from 92 to 100% of vicinals, from 0 to 7% of wa- 
30 ter and from 0 to 2% of ortho-toluidine, and especially from 95 to 100% of vicinals, from 0 
to 5 % of water and from 0 to 1% of ortho-toluidine. 



Vicinals means a mixture of 2,3-TDA and 3,4-TDA. Preference is given to a composition 
composed of from 20 to 50% of 2,3-TDA and from 50 to 80% of 3,4-TDA, more preferably 
35- -from-30 to 45% of-2 v 3-TDA and from^5-to-70% of-3,4-TDA-and-ver-y-preferably-from-35_to 
40% of 2,3-TDA and from 60 to 65% of 3,4-TDA. 



PF 0000055239/Kes 



-3- 



The high boilers are composed substantially of oligomers and polymers which are formed 
by reaction of the TDA isomers with each other. The oligomers and polymers are substan- 
tially secondary or tertiary amines. The oligomers and polymers are substantially azo, azoxy 
or hydrazine compounds. 

5 

The use of a dividing wall column is disclosed, for example, by DE-A 101 00 552 for a 
process for distillatively preparing 1,6-hexanediol, 1,5-pentanediol and caprolactone. 

A dividing wall column in the context of the invention is a distillation column having at 
1 0 least one vertical dividing wall which prevents crossmixing of liquid and vapor streams in 
subregions. The at least one dividing wall divides the column in longitudinal direction in its 
middle region into a feed section and a withdrawal section. 

In a preferred embodiment, the dividing wall is manufactured as a sheet of a metallic mate- 
15 rial. Suitable metallic materials are in particular ferrous steels. 

In a further embodiment, the dividing wall is manufactured from a nonmetallic material, for 
example ceramic. 

20 In a further preferred embodiment, internals are disposed in the upper combined column 
region, in the lower combined column region, in the rectifying section and stripping section 
of the feed section, and also in the rectifying section and stripping section of the withdrawal 
section. Suitable internals are, for example, column trays, random packings or structured 
packings. 

25 

Preferred internals are structured packings or random packings. Of these, particular prefer- 
ence is given to sheet metal packings or fabric packings. 

For all internals, care has to be taken that they have a low pressure drop. Preference is given 
30 to a pressure drop of less than 0.15 bar, more preferably less than 0.1 bar and very prefera- 
bly of less than 0.05 bar. 

The random packings and structured packings preferably have a specific surface area of 
from 125 to 500 m 2 /m 3 , more preferably from 200 to 300 m 2 /m 3 . 

35 



In a preferred embodiment, the dividing wall column has from 20 to 50, more preferably 
from 25 to 35, theoretic plates. 
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The division of the number of plates between the individual subregions of the dividing wall 
column is preferably effected in such a way that the upper combined column region, the 
rectifying section and stripping section of the feed section, and also the rectifying section 
and stripping section of the withdrawal section, each have from 5 to 50%, preferably from 
5 20 to 40%, of the total number of theoretic plates of the dividing wall column. The lower 
combined column region preferably has from 0 to 30% of the total number of theoretic 
plates of the dividing wall column, and the lower combined column region is very prefera- 
bly the column bottom. 

In a preferred embodiment, the reactant is fed via a side feed in the feed section of the divid- 
1 0 ing wall column, which is disposed between the feed section and the rectifying section. 

For product withdrawal, a side draw is disposed in the withdrawalsection of the dividing 
wall column between stripping section and rectifying section of the withdrawal section. In 
one embodiment, the side draw for product withdrawal is disposed at the same height in the 
1 5 dividing wall column as the side feed for the reactant feed. 

In a further embodiment, the side draw for product withdrawal is offset by from 0 to 20, 
preferably by from 5 to 15, theoretical plates from the side feed for the reactant feed. 

20 In a preferred process variant, the liquid distribution in the individual subregions of the di- 
viding wall column can in each case be adjusted separately. This allows the total energy 
requirement which is required to separate the reactant stream to be minimized. 

Particularly advantageously, in the subregions of the feed section of the dividing wall col- 
25 umn, the liquid may be introduced to an increased extent in the wall region, and, in subre- 
gions of the dividing wall column, to a reduced extent in the wall region. This prevents un- 
desired creep streams and increases the achievable final product purities. 

The dividing wall column may be equipped in one or more subregions with structured pack- 
30 ings or random packings. 

It is possible to configure the dividing wall in the form of loosely inserted subsegments. 
This leads to a further reduction in costs in the production and assembly of the dividing wall 
column. 



35 
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Particularly advantageously, the loose dividing wall may have internal manholes or remov- 
able segments which allow access within the dividing wall column from one side of the di- 
viding wall to the other side. 

5 Especially in the case that packings are used as separating internals, the dividing wall may, 
in a further embodiment, be equipped with thermal insulation. A particularly favorable de- 
sign is double-walled with interstitial narrow gas space. 

In a preferred embodiment, a portion of the high boiler removed via the column bottom is 
1 0 fed back to the dividing wall column via a side feed in the lower combined column region. 
This ensures that TDA present in the column bottom gets back into the dividing wall col- 
umn and can evaporate there from the column bottom. This leads to an improved yield of 
TDA, since less product of value is drawn off via the column bottom. The portion of the 
high boiler fraction which is not recycled to the dividing wall column is removed from the 
1 5 distillation process and preferably set to recycling. 

In a further process variant, a portion of the low boiler fraction drawn off via the top of the 
column is fed back to the dividing wall column via a side feed in the upper combined col- 
umn region. This achieves further stripping of the low boiler fraction in TDA. Just like the 
20 partial recycling of the high boiler fraction drawn off via the column bottom, this leads to 
improved yield of the TDA product of value. The portion of the low boiler fraction which is 
not recycled into the dividing wall column is removed from the distillation process and pref- 
erably sent to recycling. 

25 In a preferred process variant, the distillation of the TDA is carried out at a pressure in the 
column bottom which is below ambient pressure, preferably below 0.2 bar and especially 
below 0.1 bar. The bottom temperature in the dividing wall column is preferably below 
250°C, more preferably below 230°C and especially below 220°C. The distillation at a pres- 
sure below the ambient pressure reduces the boiling temperature of the TDA. This advanta- 

30 geously leads to a saving in heat energy. In addition, this prevents the TDA from reacting to 
give oligomers or polymers. This leads to a further improvement in the yield of TDA in the 
purifying distillation. 



A further advantage of the use of the dividing wall column for purifying TDA by distillation 

35 in comparison to the prior art-proeesses-is that-a-lower-holdup can-be realized-in the-dividing 

wall column for the same yield. This leads to less TDA oligomerizing and also less TDA 
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reacting to give ortho-toluidine in the distillation. This allows a greater yield of TDA to be 
achieved with the dividing wall column than in the prior art processes. 

The invention is described in detail herein below with reference to a drawing. 

5 

The single figure shows a process flow diagram for the purifying distillation of TDA in a 
dividing wall column. 

A dividing wall column for carrying out the process according to the invention for purifying 
1 0 TDA by distillation comprises an upper combined column region 2, a lower combined col- 
umn region 3, a feed section 4 and a withdrawal section 7. In the embodiment illustrated in 
the figure, the feed section 4 is divided into a rectifying section 5 and a stripping section 6, 
and the withdrawal section 7 into a stripping section 8 and a rectifying section 9. Within the 
dividing wall column 1, the feed section 4 and the withdrawal section 7 are separated by a 
15 dividing wall 10. 

The dividing wall 10 is preferably manufactured from a metallic material, especially from 
stainless steel. However, in addition to metallic materials, ceramic is also suitable for manu- 
facturing the dividing wall 10. 

20 To operate the dividing wall column 1, a reactant stream 13 is fed in the feed section 4. The 
reactant stream 13 is preferably fed between the rectifying section 5 and the stripping sec- 
tion 6 of the feed section 4. 

The reactant stream 13 is obtained in the hydrogenation of dinitrotoluene and comprises an 
25 isomer mixture composed of substantially 2,4-TDA and 2,6-TDA, vicinals, an oligomer 
mixture formed from TDA, and also ortho-toluidine and water. 

For the improved distillative workup of the reactant stream 13, internals are provided in the 
upper combined column region 2, in the lower combined column region 3, in the rectifying 
30 section 5 and stripping section 6 of the feed section 4, and also in the rectifying section 9 
and stripping section 8 of the withdrawal section 7. Suitable internals are, for example, 
trays, structured packings or random packings. 

On the withdrawal section 7, a side draw is preferably disposed between the stripping sec- 
35 ti"on~8~and~the rectifying section 9rthrough-which-a-produet~stream-14-is-drawn-off.~The- 
product stream 14 comprises an isomer mixture composed of substantially 2,4-TDA and 
2,6-TDA. 
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The side draw for the product stream 14 is preferably disposed at the same height as the side 
feed for the reactant stream 13 or preferably offset from the height of the side feed for the 
reactant stream 13. 

5 During distillation, the high boilers present in the reactant stream 13 accumulate in the bot- 
tom 12 of the dividing wall column 1. The high boilers present in the reactant stream 13 are, 
for example, the oligomer mixture formed from TDA. 

The high boilers are drawn off from the column bottom 12 at a bottom stream 15. A sub- 
10 stream 18 of the high boiler is preferably recycled to the lower combined column region 3 
via a first pump 17 and through a side feed. The fraction which is not recycled to the divid- 
ing wall column 1 is removed from the distillation process via a high boiler draw 16. 

A top stream 19 comprising low boilers is drawn off via the top 1 1 of the dividing wall col- 
1 5 umn 1. The low boilers present in the top stream 19 are in particular vicinals, ortho-toluidine 
and water. The top stream 19 is fed to a pump 20. In the embodiment illustrated in the fig- 
ure, a gas stream 23 is drawn off from the top stream 19 at the second pump 20. The remain- 
ing top stream 19 is divided downstream of the second pump 20. A substream 21 is prefera- 
bly fed to the upper combined column region 2 and thus recycled to the distillation via a 
20 side feed. The remaining low boilers are removed from the distillation process via a low 
boiler draw 22. 

Example 

25 A mass flow rate of 5000 kg/h obtained in the hydrogenation of dinitrotoluene is fed to a 
dividing wall column via a side feed. The reactant stream contains 92.37% by weight of 
TDA, 6.02% by weight of 3,4-TDA, 0.05% by weight of o-toluidine, 0.13% by weight of 
water and 1.43% by weight of high boilers. The distillation is carried out at a pressure in the 
column bottom of 0.07 bar and a bottom temperature of 215°C. In the top of the column, a 

30 pressure of 0.07 bar at a temperature of 140°C is established. The 3,4-TDA, the o-toluidine 
and the water are drawn off via the top of the column. 4602 kg/h of product stream are 
drawn off via the side draw in the withdrawal section. The product stream is composed of 
99.95% by weight of TDA isomer mixture and 0.05% by weight of low boilers. The TDA 
isomer mixture contains 80% by weight of 2,4-TDA and 20% by weight of 2,6-TDA. 
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